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(57) A method for producing a titanium dioxide pow- 
der having a well electroconductive layer containing sub- 
stantially no antimony, which comprises providing a tita- 
nium dioxide powder containing specific amounts or less 
of alkali metals, such as sodium and potassium, alkaline 
earth metals, such as magnesium and calcium, and met- 
als having a valence of four or less, such as aluminum, 
zinc and iron, preparing an aqueous suspension of the 



titanium dioxide powder, adding an acidic aqueous so- 
lution containing a tin compound and a phosphorus com- 
pound and an alkaline solution to the above aqueous 
suspension so that the aqueous suspension has a pH in 
the range of 2 to 6 or 8 to 12, and firing the resulting 
product at a temperature of 600 to 925°C. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to an electroconductive powder having, on the surface of titanium dioxide, an 
electroconductive layer containing tin oxide and phosphorus and containing substantially no antimony, and a method 
for producing the same. 

BACKGROUND ART 



[0002] Titanium dioxide can be widely controlled in its particle diameter from micron-size to nano-size, and its particle 
shape includes various shapes such as particulate shape, nearly spherical shape and spherical shape, and, in addition, 
acicular shape, spindle shape and platy shape. For example, titanium dioxide having a particle diameter of about 0.1 5-0.25 
is excellent in hiding power, and coloring power and chemically stable, and hence is used in a wide variety of the 
15 fields as white pigments. Fine particle titanium dioxide of less than about 0.1 ^m shows transparency and screens 
ultraviolet rays when incorporated in a resin, and hence used as a transparent pigments, and acicular titanium dioxide 
having a length of 1-10 and a ratio of length to diameter (axial ratio) of 3 or higher is used as special pigments 
lowered in coloring power ora loading material. 

[0003] When an electroconductive layer is formed on the surface of such titanium dioxide, electroconductivity can be 

20 given to titanium dioxide which is originally an insulator, and the titanium dioxide is used as electroconductivity imparting 
agents or antistatic agents for glass, ceramic articles such as toners for electrophotography, plastic articles such as 
polymer molded products and polymer films, and paper articles such as electrophotographic copying papers and elec- 
trostatic recording papers. The reasons for using titanium dioxide as base particles on which an electroconductive layer 
is formed are that the amount of the electroconductive materials necessary for obtaining the desired electroconductivity 

25 can be reduced and, furthermore, titanium dioxide has various particle diameters or particle shapes as mentioned above, 
and functionality of titanium dioxide can be optionally selected depending on sites of use of the electroconductivity 
imparting agents. For example, when white pigment titanium dioxide is used as base particles, a white electroconductive 
powder is obtained, and when fine particle titanium dioxide is used as base particles, a transparent electroconductive 
powder is obtained, and when acicular titanium dioxide is used as base particles, the electroconductivity can be made 

30 efficient by utilizing the anisotropy in shape. 

[0004] For the electroconductive layer formed on the surface of titanium dioxide, there has been widely used tin oxide 
doped with antimony because it has excellent electroconductivity and, besides, is less in change of electroconductivity 
with time (see, for example, Patent Document 1). However, recently the toxicity of antimony is feared, and researches 
on electroconductive powders containing no antimony have been conducted, resulting in development of tin oxide doped 

35 with phosphorus in place of antimony (see, for example, Patent Documents 2 and 3). 
[0005] 

Patent Document 1: JP-B-6-17231 
Patent Document 2: Patent No. 33571 07 
^o Patent Document 3: Patent No. 3365821 

DISCLOSURE OF INVENTION 

PROBLEM TO BE SOLVED BY THE INVENTION 

[0006] Tin oxide doped with phosphorus is less in problem of toxicity, but a layer having satisfactory electroconductivity 
can hardly be formed on the surface of titanium dioxide and the electroconductivity greatly changes depending on the 
conditions for preparation of phosphorus-doped tin oxide and is unstable. Therefore, improvement in this respect is 
demanded. 

MEANS FOR SOLVING THE PROBLEM 



[0007] The inventors have restudied titanium dioxide on which an electroconductive layer of tin oxide doped with 
phosphorus, and, as a result, it has been found that known titanium dioxides obtained by conventional methods contain 
55 compounds of alkali metals such as sodium and potassium, alkaline earth metals such as magnesium and calcium, 
aluminum, silicon, phosphorus, sulfur, zirconium, niobium, zinc and iron which originate from starting materials for 
. production, additives added during production or materials for surface treatment of the produced titanium dioxide. It has 
been further found that when an electroconductive layer is formed on the surface of titanium dioxide containing more 
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than a specific amount of the compounds of metallic elements having a valence of 4 or less, for example, alkali metals 
such as sodium and potassium, alkaline earth metals such as magnesium and calcium, aluminum, zinc and iron, the 
metallic elements having a valence of 4 or less diffuse into the electroconductive layer by firing and satisfactory elec- 
troconductive layer cannot be obtained, and, on the other hand, when titanium dioxide containing the metallic element 
having a valence of 4 or less in an amount of not more than a specific amount is used, satisfactory electroconductivity 
can be obtained. Furthermore, it has been found that as a means for forming the electroconductive layer of tin oxide 
doped with phosphorus, when an acidic aqueous solution containing a tin compound and a phosphorus compound and 
an alkaline aqueous solution are added to an aqueous suspension of titanium dioxide containing a specific amount or 
less of a compound of a metallic element having a valence of 4 or less with maintaining pH of the aqueous suspension 
in a specific range, and then the resulting product is fired at a specific temperature, there is obtained an electroconductive 
powder containing only a specific amount or less of a compound of a metallic element having a valence of 4 or less, 
and the resulting powder has a good electroconductivity. As a result, the present invention has been accomplished. 
[0008] That is, the present invention relates to (a) an electroconductive powder having an electroconductive layer 
containing tin oxide and phosphorus, but containing substantially no antimony on the surface of titanium dioxide, and 
the content of a metallic element having a valence of 4 or less which is contained as an impurity in the electroconductive 
powder is 0.1 or less as (A) obtained by the following formula (1): 



Formula (1): (A) = (Mi) * (4-n : ) + (M 2 ) * (4- 



n 2 ) + (M3} * (4-n 3 ) + (M 4 ) * (4-n<) + ... + (M x ) * (4-n x ) . 

In the above formula, M 1 , M 2 , M 3 , M 4 , .... M x represent an atomic ratio of each metallic element having a valence of 4 
or less to Sn of the tin oxide in the electroconductive powder, n 1f n 2 , n 3 , n 4 , n x represent a valence number of each 
metallic element having the atomic ratio of M 1 , M 2 , M 3 , M 4 , M x , X in M x and n x represents the number of the metallic 
element contained in the electroconductive powder and can have a natural number of 1 or more. 
A preferred embodiment is that the amount of the tin oxide forming the electroconductive layer is in the range of 0.015-0.3 
g as Sn0 2 per 1 m 2 of the surface area of titanium dioxide or the amount of the phosphorus contained in the electro- 
conductive layer with respect to tin oxide is a proportion of 0.10-0.50 in terms of the atomic ratio P/Sn. Furthermore, it 
is also a preferred embodiment that the content of the metallic element having a valence of 4 or less which is contained 
in titanium dioxide as an impurity is 0.02 or less as (B) obtained by the following formula (2) : 

Formula (2): (B) = (M'i) * (4-n' 2 ) + (M' 2 ) * 
(4-n' 2 ) + (M' 3 ) * (4-n' 3 ) + (M' 4 ) * (4-n' 4 ) + ... + (M'y) * 
(4-n'y) . 

In the above formula, M\,, M' 2 , M' 3 , M' 4 , rVP Y represent an atomic ratio of each metallic element having a valence of 
4 or less, the atomic ratio being to Ti of titanium dioxide, n' v n' 2 , n' 3 , n' 4 , n' Y represent a valence number of each 
metallic element having the atomic ratio of M'.,, M' 2 , M' 3> M' 4 , rVT Y , Y in M' Y and n* Y represents the number of the 
metallic element contained in the titanium dioxide and can have a natural number of 1 or more. 

Furthermore, the present invention relates to (b) a method for producing an electroconductive powder which comprises 
adding an acidic aqueous solution in which a tin compound and a phosphorus compound are dissolved and an aqueous 
alkaline solution to an aqueous suspension of titanium dioxide in which the content of the metallic element having a 
valence of 4 or less contained in the titanium dioxide as an impurity is 0.02 or less as (B) obtained by the above formula 
(2) with maintaining pH of the aqueous suspension in the range of 2-6 or 8-12, then fractionating the resulting product, 
and firing the product at a temperature of 600-925°C to form an electroconductive layer containing tin oxide and phos- 
phorus on the surface of the titanium dioxide. 

EFFECTS OF THE INVENTION 

[0009] The present invention relates to an electroconductive powder having an electroconductive layer containing tin 
oxide and phosphorus, but containing substantially no antimony on the surface of titanium dioxide, and the content of 
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a metallic element having a valence of 4 or less which is contained as an impurity in the electroconductive powder is 
0.1 or less as (A) obtained by the formula (1), and the electroconductive powder has the desired electroconductivity 
since it contains less impurities which damage the electroconductivity. Like the conventional electroconductive powders, 
the electroconductive powder of the present invention is used as an electroconductivity imparting agents or antistatic 

5 agents for ceramic articles such as glass, plastic articles such as polymeric molded products and polymeric films, and 
paper articles such as electrophotographic copying papers and electrostatic recording papers, or electrostatic charging 
adjusters for electrophotographic toners or resistance adjusters for sensitizing drums. The electroconductive powder is 
used by incorporating into ceramic articles, plastic articles, paper articles, etc. or coating a paint containing the electro- 
conductive powder on the surface of articles or on the surface of raw materials of the articles. 

10 [001 0] Furthermore, the present invention relates to a method for producing an electroconductive powder which com- 
prises adding an acidic aqueous solution in which a tin compound and a phosphorus compound are dissolved and an 
alkaline aqueous solution are added to an aqueous suspension of titanium dioxide in which the content of a metallic 
element having a valence of 4 or less contained in the titanium dioxide as an impurity is 0.02 or less as (B) obtained by 
the above formula (2) with maintaining pH of the aqueous suspension in the range of 2-6 or 8-12, and then the resulting 

75 product is fractionated and fired at a temperature of 600-925°C to form an electroconductive layer containing tin oxide 
and phosphorus on the surface of the titanium dioxide. According to this method, the electroconductive layer containing 
tin oxide and phosphorus which is coated on the surface can be formed as a continuous film and, besides, content of 
the impurities which damage the electroconductivity can be reduced, and thus powders having the desired electrocon- 
ductivity can be easily produced. 

20 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0011] It is important that the electroconductive powder of the present invention has an electroconductive layer con- 
taining tin oxide and phosphorus on the surface of titanium dioxide, and substantially no antimony is contained in this 
25 electroconductive layer, and the amount of the metallic element having a valence of 4 or less as an impurity in the 
electroconductive powder is not more than a specific amount, and a columnar powder body made by compacting the 
electroconductive powder under a pressure of 9.8 MPa can have a powder resistivity of preferably 1 x 10 5 O-cm or less, 
more preferably 1 X10 4 Ocm or less, most preferably 1 x 10 3 Q-cm or less. 

[0012] The content of the impurity contained in the electroconductive powder of the present invention is shown in 
30 terms of (A) obtained by the following formula (1 ). 



Formula (1): (A) - (Mi) * (4-ru) + (M 2 ) * (4- 
35 n 2 ) + (M3) * (4-n 3 ) + (M 4 ) * (4-n 4 ) + ... + (M x ) * (4-n x ), 

In the above formula (1), M v M 2 , M 3 , M 4 , M x show an atomic ratio of each metallic element having a valence of 4 or 
less, such as sodium, potassium, calcium, magnesium, zinc, aluminum, iron, or the like, said atomic ratio being to Sn 

40 of the tin oxide in the electroconductive powder. The M v M 2 , M 3 , M 4 , M x depend on the number of the metallic 
element having a valence of 4 or less which is an impurity contained in the electroconductive powder, and X of M x can 
be a natural number of 1 or more. When the metallic element having a valence of 4 or less is not contained in the 
electroconductive powder, M x is 0. However, the metallic element having a valence of 4 or less does not include the 
organometallic compound such as a coupling agent mentioned hereinafter which is not doped in tin oxide and with which 

45 the surface of the electroconductive powder is treated after firing. In the present invention, the metallic elements include 
typical metallic elements such as sodium, potassium, calcium, magnesium, zinc and aluminum, transition metallic ele- 
ments such as iron, and additionally semimetals such as boron, silicon, germanium, arsenic, antimony, selenium and 
tellurium. Elements other than these metallic elements are called nonmetals. In the present invention, the atomic ratio 
means a ratio of the number of the objective metal atom to the number of the standard metal atom. 

50 The n v n 2 , n 3 , n 4 , n x in the formula (1) represent a valence number (valence) of each metallic element having the 
atomic ratio of M v M 2 , M 3> M 4 , M x , and can be a numeral of more than 0 and not more than 4. X in n x is the same 
numerical value as X in M x and can be a natural number of 1 or more. Sodium, potassium, etc. have a valence of 1, 
calcium, magnesium, zinc, etc. have a valence of 2, and aluminum, etc. have a valence of 3. Iron has a valence of 2 or 
3, silicon and zirconium have a valence of 2 or 4, and niobium has a valence of 2-5, and thus there are metallic elements 

55 which can have a plurality of valences. In these cases, the state of valence of the metallic elements contained in the 
electroconductive powder is determined by XPS (X-ray photo-electron spectroscopy), ESR (electron-spin resonance), 
etc.. and those which have a valence of more than 0 and less than 4 are considered to be impurities damaging the 
electroconductivity, those which have a valence of 4 are considered to be impurities which do not influence the electro- 
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conductivity, and those which have a valence of more than 4 are not considered to be impurities. Particularly, metallic 
elements having a valence of more than 0 and 3 or less are impurities which greatly damage the electroconductivity. 
In the formula (1 ). as for the metallic elements having a valence of 4 or less contained in the electroconductive powder, 
the influence of each impurity can be calculated by subtracting the valence number n of each metallic element from the 
valence number 4 of tin in tin oxide and multiplying the content of each metallic element (atomic ratio to Sn) by the 
valence number obtained by the subtraction, and the total (A) of them is taken as total content of the impurities. Therefore, 
the total content (A) of impurities is represented by Z(M X ) x (4-n x ). In the present invention, it is important that the 
impurity total content (A) is 0.1 or less, and it is preferably 0.07 or less, more preferably 0.06 or less, further preferably 
0.02 or less and most preferably 0.001 or less. When the impurity total content of the metallic elements having a valence 
of 4 or less is at least in the above range, the desired electroconductivity can be obtained, but if it is more than the above 
range, the desired electroconductivity can hardly be obtained. In the present invention, quantitative analysis of the 
metallic element is carried out by X-ray fluorescence analysis, and the valence of the metallic element is determined by 
XPS (X-ray photo-electron spectroscopy), ESR (electron-spin resonance), etc. 

[001 3] The electroconductive layerformed on the surface of titanium dioxide has a structure in which a part of tetravalent 
f5 tin ions constituting tin oxide are replaced by pentavalent phosphorus ions and phosphorus is dissolved in the form of 
solid solution (doped) in tin oxide, and substantially no antimony is contained in the electroconductive layer. The term 
"substantially no antimony is contained" means that the content of antimony is less than limit of detection when determined 
by X-ray fluorescence analysis using ah ordinary X-ray fluorescence analytical instrument such as RIX3000 manufactured 
by Rigaku Denki Kogyo Co., Ltd. The amount of tin oxide in the electroconductive layer can be optionally set, and is 
preferably in the range of 0.015-0.3 g, more preferably in the range of 0.03-0.3 g as Sn0 2 per 1 m 2 of the surface area 
of titanium dioxide, and within the above range, at least good electroconductivity is obtained. On the other hand, if the 
amount is less than the above range, a continuous electroconductive layer can hardly be formed and the desired 
electroconductivity can hardly be obtained, and if it is too large, tin oxide is apt to precipitate in places other than the 
titanium dioxide surfaces, which is uneconomical, and, besides, reduction in whiteness of the electroconductive powder 
is apt to occur. The amount of tin oxide is further preferably in the range of 0.05-0.2 g. The amount of phosphorus in the 
electroconductive layer can be optionally set, and the amount of phosphorus with respect to tin oxide is preferably a 
proportion of 0. 1 0-0.50 in terms of the atomic ratio P/Sn, and within this range, good electroconductivity can be obtained. 
On the other hand, if the amount is less than the range, the desired electroconductivity can hardly be obtained, and if it 
is too large, the electroconductivity is apt to decrease. The amount of phosphorus is more preferably a proportion of 
0.13-0.40 and further preferably a proportion of 0.15-0.30. The electroconductive layer containing tin oxide and phos- 
phorus is preferably lower in content of the metallic element having a valence of 4 or less, such as sodium, potassium, 
calcium, magnesium, zinc, aluminum and iron, and formation of a continuous electroconductive layer can be confirmed 
by a transmission type electron microscope photograph. Furthermore, as an indication for the state of formation of the 
electroconductive layer, there can be used specific surface area of the electroconductive layer obtained from the following 
35 formula (3). It can be said that if the specific surface area is larger than 70 m 2 /g, tin oxide is present in the form of fine 
particulate mass in addition to a continuous layer, and if it is 70 m^g or smaller, at least, tin oxide is not present in the 
form of fine particulate mass other than a continuous layer. The content of the electroconductive layerforming component 
in the formula (3) is a total amount of tin oxide (amount as Sn0 2 ) and phosphorus (amount as P 2 O s ). 
Formula (3): Specific surface area of electroconductive layer (m 2 /g) = (specific surface area of electroconductive powder) 
/(content of electroconductive layer forming component in 1 g of the electroconductive powder) 

In the present invention, the specific surface area of titanium dioxide and the electroconductive powder can be obtained 
by BET method. 

[0014] In the electroconductive powder of the present invention, the titanium dioxide on which the electroconductive 
layer containing tin oxide and phosphorus is formed is preferably lower in content of the metallic elements having a 
valence of 4 or less, such as sodium, potassium, calcium, magnesium, zinc, aluminum and iron, and more preferably 
the content of the metallic elements having a valence of 4 or less which are contained in titanium dioxide as impurities 
is 0.02 or less as (B) obtained by the following formula (2) : 
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Formula (2): (B) = (M'j) * (4-n'i) + (M' 2 ) * 
(4-n' 2 ) + (M' 3 ) * (4-n' 3 ) + (M' 4 ) * (4-n'<) + ... + (W y ) * 
(4-n' y ) . 

In the above formula (2), M' 1f M' 2 , M' 3 , M' 4 , M' Y show an atomic ratio of each metallic element having a valence of 
4 or less, such as sodium, potassium, calcium, magnesium, zinc, aluminum or iron, and the atomic ratio is to Ti of titanium 
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dioxide. The M* v lvV 2 , M' 3 , M' 4 , .... M' y depend on the number of the metallic elements having a valence of 4 or less 
which are impurities contained in titanium dioxide, and Y of M' Y can be a natural number of 1 ormor; When the metallic 
elements having a valence of 4 or less are not contained in titanium dioxide, M' Y is 0. The n' 1f n' : n' 4 , n' y show 
a valence number (valence) of each metallic element having the atomic ratio of M f 1f M' 2) M' 3 , M , M' y , and can be 

5 a numerical value of more than 0 and not more than 4. Y in n' y is the same numerical value as Y in M' Y and can be a 
natural number of 1 or more. Sodium, potassium, etc. have a valence of 1 , calcium, magnesium, zinc, etc. have a valence 
of 2, and aluminum, etc. have a valence of 3. Iron has a valence of 2 or 3, silicon and zirconium have a valence of 2 or 
4, and niobium has a valence of 2-5, and thus there are metallic elements which can have a plurality of valences. In 
these cases, the state of valence of the metallic elements contained in titanium dioxide is determined by XPS (X-ray 

to photo-electron spectroscopy) ESR (electron-spin resonance), etc., and those which have a valence of more than 0 and 
less than 4 are considered to be impurities damaging the electroconductivity, those which have a valence of 4 are 
considered to be impurities which do not influence the electroconductivity, and those which have a valence of more than 
4 are not considered to be impurities. Particularly, those metallic elements having a valence of more than 0 and 3 or 
less are impurities which have a great influence on damaging of the electroconductivity. 

15 in the formula (2), as for the metallic elements having a valence of 4 or less contained in titanium dioxide, the power of 
influence of the respective impurities can be calculated by subtracting the valence number n of the metallic element 
from the valence number 4 of tin in tin oxide coated on the surface of titanium dioxide and multiplying the content of the 
metallic element (atomic ratio to Ti) by the valence number obtained by the subtraction, and the total (B) of them is 
regarded as the total content of the impurities in titanium dioxide. Therefore, the total content (B) of the impurities in 

20 titanium dioxide is represented by Z (M' Y ) x (4-n' Y ). In the present invention, the impurity total content (B) is preferably 
0.02 or less, more preferably 0.01 5 or less, further preferably 0.006 or less. When the impurity total content of the metallic 
elements having a valence of 4 or less is at least in the above range, the desired electroconductivity can be obtained, 
but if it is more than the above range, the desired electroconductivity can hardly be obtained. Furthermore, it is preferred 
that titanium dioxide does not contain compounds of metallic elements having a valence of more than 4 as far as possible 

25 because metallic elements having a valence of more than 4 reduce the mobility of transmitting electrons generated by 
doping of tin oxide with phosphorus. These metallic elements include, for example, niobium. Furthermore, it is preferred 
that compounds of nonmetat elements (excluding oxygen) such as phosphorus and sulfur are not contained as far as 
possible. More specifically, suitable titanium dioxide is of such a high quality that the total content (in terms of anhydrous 
oxide with respect to Ti0 2 ) of all impurities including nonmetal elements such as phosphorus and sulfur (excluding 

30 oxygen) in addition to the metallic elements having a valence of 4 or less and metallic elements having a valence of 
more than 4 is not more than 1 .5% by weight, preferably not more than 1 .0% by weight, more preferably not more than 
0.5% by weight, further preferably not more than 0.1% by weight, namely, the Ti0 2 purity is not less than 98.5% by 
weight, preferably not less than 99.0% by weight, more preferably not less than 99.5% by weight, further preferably not 
less than 99.9% by weight. 

35 [0015] The particle shape and particle diameter of titanium dioxide used in the present invention can be optionally 
selected depending on sites of use of the electroconductive powder. The particle shapes include, for example, particulate 
shape, nearly spherical shape, spherical shape, acicular shape, fibrous shape, columnar shape, rod shape, spindle 
shape, platy shape, and other similar shapes. Those of acicular shape, etc. which have an axial ratio are preferred 
because of easy improvement in efficiency of electroconductivity. The particle diameter is preferably 0.01-3 ^.m, more 

40 preferably 0.03-0.3 jxm in average particle diameter for those of particulate shape, nearly spherical shape and spherical 
shape. On the other hand, in the case of having an axial ratio, such as acicular shape, fibrous shape, columnar shape, 
rod shape and spindle shape, spindle-shaped fine particle titanium dioxide having a length of 0.05-0.3 |xm and a ratio 
of length and maximum diameter (axial ratio) of 3 or more, preferably 1 0 or more and acicular or rod-shaped titanium 
dioxide having a length of 1 -10 and a ratio of length and diameter (axial ratio) of 3 or more, preferably 10 or more 

45 are further preferred. The particle shape and particle diameter of titanium dioxide are observed and measured by electron 
microscope photographs. 

The specific surface area of titanium dioxide varies depending on the shape or size of particles, and 0.5-160 m 2 /g is 
preferred and 4-60 m 2 /g is more preferred for those of particulate shape, nearly spherical shape and spherical shape, 
0.3-20 m 2 /g is preferred and 1-15 m 2 /g is more preferred for those of acicular shape, fibrous shape, columnar shape 

50 and rod shape, and 1 0-250 m 2 /g is preferred and 30-200 m 2 /g is more preferred for those of spindle shape. As for crystal 
systems of titanium dioxide used in the present invention, there may be used any crystal systems of rutile, anatase, 
brookite and amorphous systems, but rutile type titanium dioxide of the same system as tin oxide which is a main 
component of the electroconductive layer is preferred since electroconductivity can be readily developed. 
[0016] An organic material may sometimes be applied to the surface of the electroconductive powder to improve 

55 dispersibility into resin or stability of electroconductivity with time. As the organic material, mention may be made of, for 
example, organometallic compounds such as of silicon, titanium, aluminum, zirconium, zirconium- aluminum, and the 
like, and polyols. These organic materials may be used each alone or in combination of two or more. The content of the 
organic materials is about 0.0001-0.4 g and more suitably about 0.0006-0.2 g per 1 m 2 of the surface area of the 



6 



BNSDOCID <EP_ 1647997 A 1 l_> 



EP 1 647 997 A1 



electroconductive powder. 

Specifically, the silicon-based organometallic compounds include silane coupling agents such as aminopropyltriethox- 
ysilane, N-P(aminoethyl)-7-aminopropyltriethoxysilane, N-phenyl-Y-aminopropyltrimethoxysilane, vinyltrimethoxysilane, 
vinyltriethoxysilane, vinyltrichlorosilane, 7-glycidoxypropyltrimethoxysilane and methacryloxypropyltrimethoxysilane, 
alkylsilanessuch as n-butyltriethoxysilane, isobutyltrimethoxysilane, n-hexyltrimethoxysilane, n-hexyltriethoxysilane, n- 
octyltrimethoxysilane, n-octyltriethoxysilane, n-decyltrimethoxysilane, n-octadecyltrimethoxysilane and n-octadecyl- 
methyldimethoxysilane, phenylsilanes such as phenyltriethoxysilane, fluorosilanes such as trifluoropropyltrimethoxysi- 
lane, and polysiloxanes such as methylhydrogenpolysiloxane, dimethylpolysiloxane, methylphenylpolysiloxane, dirneth- 
ylpolysiloxanediol, alkyl-modified silicone oil, alkylaralkyl-modified silicone oil, amino-modified silicone oil, both-end ami- 
no-modified silicone oil, epoxy-modified silicone oil, both-end epoxy-modified silicone oil and fluorine-modified silicone 
oil. The titanium-based organometallic compounds include, for example, titanate coupling agents such as isopropyltri- 
isostearoyl titanate, isopropyltris(dioctylpyrophosphate) titanate, tetra(2,2-diallyloxymethyl-1-butyl)bis(ditridecyl)phos- 
phite titanate, bis(dioctylpyrophosphate)oxyacetate titanate and bis(dioctylpyrophosphate)ethylene titanate. The alumi- 
num-based organometallic compounds include, for example, aluminate coupling agents such as acetalkoxyaluminum- 
diisopropylate. The zirconium-based organometallic compounds include, for example, zirconiumtributoxyacetylacetonate 
and zirconiumtributoxy stearate. 

The polyols include, for example, trimethylolethane, trimethylolpropane and pentaerythritol. 

{0017] In the method of producing the electroconductive powder of the present invention, it is important to use titanium 
dioxide in which the content of the metallic elements having a valence of 4 or less contained as impurities in titanium 
dioxide is 0.02 or less, preferably 0.01 5 or less, more preferably 0.006 or less as (B) obtained by the above formula (2). 
Furthermore, as a preferred embodiment, there may be suitably used titanium dioxide of such a high quality that the 
total content (with respecttoTi0 2 andin terms of anhydrousoxide)of all impurities including nonmetal elements (excluding 
oxygen) such as phosphorus and sulfur in addition to the metallic elements having a valence of 4 or less and metallic 
elements having a valence of more than 4 is not more than 1 .5% by weight, preferably not more than 1 .0% by weight, 
more preferably not more than 0.5% by weight, further preferably not more than 0.1% by weight, namely, the Ti0 2 purity 
is not less than 98.5% by weight, preferably not less than 99.0% by weight, more preferably not less than 99.5% by 
weight, further preferably not less than 99.9% by weight. Such titanium dioxide can be produced by conventional methods 
for production of titanium dioxide, such as chloride method, sulfate method, flame hydrolysis method, wet hydrolysis 
method, neutralization method and sol-gel method which can produce titanium dioxide containing metallic elements 
having a valence of 4 or less, such as sodium, potassium, calcium, magnesium, zinc, aluminum and iron ortotal impurities 
in only a specific amount or less or the titanium dioxide can be produced by selecting production conditions. Furthermore, 
after producing titanium dioxide containing impurities in an amount more than a specific amount, the titanium oxide 
containing the impurities is treated with an acid or alkali, or treated with alkali after the acid treatment or treated with 
acid after the alkali treatment, whereby the metallic elements having a valence of 4 or less or total impurities can be 
removed to reduce the amount to the above range. As the acid used, inorganic acids such as hydrochloric acid, sulfuric 
acid, nitric acid and hydrofluoric acid are suitable, and, ordinarily, a 1 -50 wt% aqueous solutions of the acid is used. As 
for the alkali, a 10-50 wt% aqueous solution of sodium hydroxide, potassium hydroxide or the like is used. The acid 
treatment or alkali treatment may be carried out by introducing titanium dioxide in the above acid solution or alkali solution, 
followed by stirring for 1 -3 hours, and if necessary, the stirring may be carried out while heating to 50-90°C. By the single 
treatment with acid or alkali, titanium dioxide of the desired quality can be obtained, but titanium dioxide of the higher 
quality can easily be obtained by combination of the acid treatment and the alkali treatment. 

[0018] An aqueous suspension of the above titanium dioxide is prepared, and a tin compound and a phosphorus 
compound are added thereto to coat the tin compound and the phosphorus compound on the surface of the titanium 
dioxide. There are various coating methods, and in the present invention it is important to separately prepare an acidic 
aqueous solution in which the tin compound and the phosphorus compound are dissolved and an alkaline aqueous 
solution, respectively, and add them with maintaining pH of the titanium dioxide aqueous suspension in the range of 2-6 
or 8-12. When the pH of the aqueous suspension is in the above range, at least the tin compound and the phosphorus 
compound are uniformly coated on the surface of titanium dioxide and satisfactory electroconductivity can be obtained, 
but if the pH is lower or higher than the above range, the tin compound and the phosphorus compound can hardly be 
coated on the surface of titanium dioxide and the desired electroconductivity can hardly be obtained, resulting in increase 
of the content of the compounds of the metallic elements having a valence of 4 or less as impurities. When the pH of 
the titanium dioxide aqueous suspension is in the range of 8-12, the tin compound and the phosphorus compound are 
more uniformly coated, which is preferred, and a range of 9-10 is more preferred. A pH range of 2-3 is preferred on the 
acidic side. The concentration of titanium dioxide in the aqueous suspension can be optionally set, and 25-300 g/l is 
suitable and 50-200 g/l is preferred. The temperature of the aqueous suspension is preferably in the range of room 
temperature (10-30°C) to 95°C and more preferably in the range of 60-80, 90°C. The temperature of the acidic aqueous 
solution in which the tin compound and the phosphorus compound are dissolved and the alkaline aqueous solution is 
not particularly limited and may be similar to the temperature of the aqueous suspension. 
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[0019] There may be used various tin compounds, and examples thereof are stannic chloride, stannous chloride, 
potassium stannate, sodium stannate, stannous fluoride, stannous oxalate, and the like. The phosphorus compounds 
include, for example, phosphorus trichloride, orthophosphoric acid, sodium hydrogenphosphate, trisodium phosphate, 
ammonium hydrogenphosphate, phosphorous acid, sodium dihydrogenphosphite, trisodium phosphite, phosphorus pen- 

5 tachloride, and the like. One or two or more of these compounds can be used. Such tin compound and phosphorus 
compound are dissolved in inorganic acids such as hydrochloric acid, sulfuric acid, nitric acid and hydrofluoric acid or 
organic acids such as formic acid, acetic acid, oxalic acid and citric acid to prepare acidic aqueous solutions. The amount 
of the tin compound with respect to titanium dioxide may be such as being able to coat a necessary amount of tin oxide, 
and is an amount which corresponds to preferably 0.015-0.3 g, more preferably 0.03-0.3 g, further preferably 0.05-0.2 

70 g as Sn0 2 per 1 m 2 of the surface area of titanium dioxide and which is an amount necessary for coating. The amount 
of phosphorus compound may be such as being able to be doped in tin oxide, and is preferably a proportion of 0.1 0-0.50, 
more preferably 0.13-0.40, further preferably 0.15-0.30 in terms of the atomic ratio P/Sn, and is an amount necessary 
for doping. The concentrations of the tin compound and the phosphorus compound in the acidic aqueous solution can 
be optionally set. 

75 [0020] On the other hand, as the alkaline aqueous solution used as a neutralizing agent, there may be used an aqueous 
solution of at least one of hydroxides or carbonates of alkali metals, such as sodium hydroxide, potassium hydroxide, 
sodium carbonate and potassium carbonate, and basic compounds such as ammonia, ammonium hydroxide, ammonium 
carbonate, ammonium hydrogencarbonate, hydrazine and hydroxylamine. 

[0021] Next, the product obtained by coating the tin compound and the phosphorus compound on the surface of 
20 titanium dioxide is fractionated and fired at a temperature of 600-925°C. The fractionation is usually carried out by filtration 
and, if necessary, washing. When hydroxide or carbonate of alkali metal is used as the neutralizing agent, if the alkali 
metal adsorbs to the product due to insufficient washing and remains on the product, it may cause decrease of elec- 
trocinductivity, and hence it is preferred to sufficiently wash the product to avoid retention of the alkali metal. The degree 
of washing of the product can be controlled by specific electroconductivity of the filtrate, and the smaller specific elec- 
ts troconductivity (unit: jxS/cm) indicates that the washing is carried out more sufficiently. As the degree of washing, it is 
preferred to carry out the washing until the specific electroconductivity of the filtrate reaches 125 jiS/cm or less, more 
preferably 50 /cm or less. 

The resulting product obtained by fractionation is then dried, if necessary, and thereafter fired at a temperature of 
600-925°C, preferably 750-925°C, more preferably 800-900°C, further preferably 825-875°C. The firing can be carried 
out in any atmospheres of oxidizing atmosphere, reducing atmosphere and inert gas atmosphere, and it is economically 
advantageous to carry out the firing in the air, but it is preferred to carry out the firing in an atmosphere of low oxygen 
concentration formed by diluting the air with an inert gas such as nitrogen, helium or argon, in an inert gas atmosphere 
of nitrogen, helium or argon, or in a reducing atmosphere such as hydrogen, ammonia or carbon monoxide because 
good electroconductivity can be obtained. The oxygen concentration of the low oxygen concentration atmosphere is 
35 preferably 5-1 5 vol%, more preferably 7-1 0 vol% considering economical point and electorconductivity. The firing time 
varies depending on type of apparatus and treating amount and cannot be unconditionally specified, but is suitably 1-8 
hours, preferably 1-6, 3-6 hours. After the firing, the fired product is cooled to a temperature at which it can be taken 
out. For cooling, there may be selected a rapid cooling method of rapidly cooling the fired product immediately after 
firing or a slow cooling method of slowly cooling the fired product to about room temperature over a period of 2 or more 
40 hours. When the rapid cooling method and the slow cooling method are compared, in the case of cooling the fired product 
as it is after being fired in a low oxygen concentration atmosphere, an inert gas atmosphere or a reducing atmosphere, 
there is no large difference in electroconductivity between the rapid cooling method and the slow cooling method, and 
the electroconductivity is stable, but in the case of cooling the fired product as it is after being fired in the air, good 
electroconductivity can be obtained more easily in the rapid cooling method than in the slow cooling method. From this 
45 viewpoint, the rapid cooling method is preferred since good electroconductivity can be obtained even if the firing is carried 
out in any atmospheres. The firing temperature is a high temperature of preferably 750°C or higher, especially 800°C 
or higher. When the firing is carried out at high temperatures as above, the firing can be performed with causing sub- 
stantially no coarsening of particles of the fired product or no sintering of particles, and a sufficient electroconductivity 
can be easily imparted by optionally selecting the atmosphere of firing or the cooling method. 
50 After cooling, the fired product is taken out of the firing apparatus, and thereafter it can be pulverized by conventional 
method for making it powders. After pulverization, if necessary, pH of the pulverized product can be adjusted or impurities 
can be removed. Further, if necessary, the surface of the pulverized product can be treated with an organic material by 
wet method, dry method, or the like. 

[0022] Like the conventional electroconductive powders, the electroconductive powders of the present invention are 
55 used as electroconductivity imparting agents or antistatic agents for ceramic articles such as glass, plastic articles such 
as polymeric molded products and polymeric films, and paper articles such as electrophotographic copying papers and 
electrostatic recording papers, or electrostatic charging adjustors for electrophotographic toners or resistance adjusters 
for sensitizing drums. They are used by incorporating into ceramic articles, plastic articles, paper articles, etc. or coating 
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a paint containing the electroconductive powders on the surface of articles or on the surface of raw materials of the 
articles. As resins for raw materials of the above plastic articles, they are selected depending on the purpose and use 
and are not particularly limited, and various known resins can be used. As examples of the resins, mention may be made 
of general-purpose engineering plastics such as polyamide, polyacetal, polycarbonate, polyethylene terephthalate, poly- 

s butylene terephthalate, modified polyphenylene oxide and modified polyphenylene ether, special engineering plastics 
such as polyether sulfone, polysulfone, polyether ether ketone, polyether ketone, polyphenylene sulfide, polyarylate, 
polyamidebismaleimide, polyetherimide, polyimide and fluoroplastics, and thermoplastic general-purpose resins such 
as polyethylene, polypropylene, polystyrene, AS resin and ABS resin, and thermosetting resins such as epoxy resin, 
unsaturated polyester resin, phenolic resin, melamine resin and silicone resin. Furthermore, as resins for preparing 

io paints containing the electroconductive powder of the present invention, there may be used various resins. The amount 
of the electroconductive powder of the present invention added to the plastic articles or electroconductive paints can be 
optionally set depending on the purpose. 

Example 

15 

[0023] The present invention will be explained in more detail by the following examples and comparative examples. 
'Example 1 

20 [0024] A high quality rutile type titanium dioxide powder having an average particle diameter of 0.25 jim was used. 
This titanium dioxide was prepared by chloride method and contained silicon (tetravalent) as the metallic element having 
a valence of 4 or less as an impurity in an amount of 0.00027 in terms of atomic ratio to Ti of titanium dioxide, while (B) 
obtained by the formula (2) was 0. Sulfur (hexavalent, nonmetal element) was contained as an impurity in an amount 
of 0.02% by weight as S0 3 as elements (excluding oxygen) other than the metallic elements having a valence of 4 or 

25 less, and the Ti0 2 purity of the titanium dioxide was 99.96% by weight. The specific surface area obtained by BET 
method was 6.6 m 2 /g. 

100 g of this high quality titanium dioxide powder was introduced into water to prepare a suspension of 100 g/l in 
concentration. An aqueous hydrochloric acid solution was added to the suspension to adjust the pH to 2-3, followed by 
heating to 70°C. An aqueous sodium hydroxide solution and a mixed solution comprising 173 g of a 50 wt% aqueous 

30 stannic chloride (SnCI 4 ) solution, 6.1 g of 85 wt% phosphoric acid (H 3 P0 4 ) and 75 ml of 12N-hydrochloric acid solution 
were added in parallel to the suspension over a period of 60 minutes with maintaining the pH of the suspension at 2-3 
to form a coating layer comprising a hydrate of tin oxide containing phosphoric acid on the titanium dioxide powder. The 
final pH of the suspension was 2. The suspension was stirred for 20 minutes for aging while keeping 70°C. 
Then, the coated titanium dioxide powder was filtered, washed until the specif ic electroconductivity of the filtrate reached 

35 so jiS/cm, and dried overnight at 1 20°C, and the coated titanium dioxide powder was recovered. The recovered coated 
titanium dioxide powder was fired in the air at 850°C for 1 hour by an electric furnace and then pulverized by a pulverizer 
to obtain a white electroconductive powder (Sample A) of the present invention. 

The amount of tin oxide contained in the Sample A was 0.076 g as Sn0 2 per 1 m 2 of the surface area of titanium dioxide, 
and the amount of phosphorus with respect to tin oxide was a proportion of 0.17 in terms of the atomic ratio P/Sn. The 
to metallic elements having a valence of 4 or less contained as impurities in the Sample A were less than limit of detection, 
and (A) obtained by the formula (1 ) was 0. Furthermore, the specific surface area of the Sample A was 30.2 m 2 /g and 
the specific surface area of the electroconductive layer was 86.4 m 2 /g. 

Example 2 

45 

[0025] A white electroconductive powder (Sample B) of the present invention was obtained in the same manner as 
in Example 1 , except that a rutile type titanium dioxide powder having an average particle diameter of 0.25 |xm and 
containing a small amount of alumina was used in place of the high quality rutile type titanium dioxide powder used in 
Example 1 . 

50 The titanium dioxide used was prepared by chloride method. The content of aluminum (trivalent) was 0.005 in atomic 
ratio to Ti of titanium dioxide, other metallic elements having a valence of 4 or less were not detected, and (B) obtained 
by the formula (2) was 0.005. No other elements (excluding oxygen) than the metallic elements having a valence of 4 
or less were detected, the Ti0 2 purity was 99.7% by weight, and the specific surface area obtained by BET method was 
6.8 m 2 /g. 

55 The content of tin oxide contained in the Sample B was 0.074 g as Sn0 2 per 1 m 2 of the surface area of titanium dioxide, 
and the content of phosphorus with respect to tin oxide was a proportion of 0.17 in terms of the atomic ratio P/Sn. The 
atomic ratio of aluminum (trivalent) contained in the Sample B to Sn was 0.01 9, and (A) shown by the formula (1 ) was 0.01 9. 
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Example 3 

[0026] A white electroconductive powder (Sample C) of the present invention was obtained in the same manner as 
in Example 1, except that a rutile type titanium dioxide powder having an average particle diameter of 0.25 p<m and 
5 containing a small amount of alumina was used in place of the high quality rutile type titanium dioxide powder used in 
Example 1 . 

The titanium dioxide used was prepared by chloride method. The content of aluminum (trivalent) was 0.015 in atomic 
ratio to Ti of titanium dioxide, other metallic elements having a valence of 4 or less were not detected, and (B) obtained 
by the formula (2) was 0.015. As other elements (excluding oxygen) than the metallic elements having a valence of 4 

10 or less, phosphorus (pentavalent, nonmetal element) was contained in an amount of 0.1% by weight as P 2 O s , the Ti0 2 
purity was 99.0% by weight, and the specific surface area obtained by BET method was 7.1 m 2 /g. 
The content of tin oxide contained in the Sample C was 0.070 g as Sn0 2 per 1 m 2 of the surface area of titanium dioxide, 
and the content of phosphorus with respect to tin oxide was a proportion of 0.1 7 in terms of the atomic ratio P/Sn. The 
atomic ratio of aluminum (trivalent) contained in the Sample C to Sn was 0.057, no other metallic elements having a 

15 valence of 4 or less were detected, and (A) obtained by the formula (1) was 0.057. 

Example 4 

[0027] A white electroconductive powder (Sample D) of the present invention was obtained in the same manner as 

20 in Example 1 , except that the following high quality acicular titanium oxide powder was used in place of the high quality 
rutile type titanium dioxide powder, and the 50 wt% aqueous stannic chloride (SnCI 4 ) solution was used in an amount 
of 307 g in place of 173 g and the 85 wt% phosphoric acid (H 3 P0 4 ) was used in an amount of 10.8 g in place of 6.1 g. 
The content of tin oxide contained in the Sample D was 0.077 g as Sn0 2 per 1 m 2 of the surface area of titanium dioxide, 
and the content of phosphorus with respect to tin oxide was a proportion of 0.17 in terms of the atomic ratio P/Sn. Metallic 

25 elements having a valence of 4 or less contained in the sample D were not detected, and (A) shown by theformula(l) was 0. 
The acicular titanium oxide powder used in Example 4 was prepared in accordance with the method described in JP- 
B-47-44974. That is, fine particle hydrous titanium dioxide in an amount of 4 parts by weight as Ti0 2 , sodium chloride 
in an amount of 4 parts by weight and sodium hydrogenphosphate (Na 2 HP0 4 - 2H 2 0) in an amount of 1 part by weight 
were uniformly mixed and put in a crucible, followed by firing at 825°C for 3 hours by an electric furnace. Thereafter, the 

30 fired product was introduced into water and boiled for 1 hour, followed by filtration and washing to remove soluble salts. 
The resulting acicular titanium oxide had a length of 3-5 p,m and a diameter of 0.05-0.07 ^m, and was analyzed to find 
that it contained 3.8% by weight of a sodium component as Na 2 0 and 4.4% by weight of a phosphorus component as 
P 2 O s as impurities, and had a Ti0 2 purity of 91 .0% by weight. The fine particle hydrous titanium dioxide was a rutile 
type fine titania obtained by neutralizing an aqueous titanium tetrachloride solution having a concentration of 200 g/l as 

35 Ti0 2 with an aqueous sodium hydroxide solution while keeping 30°C to precipitate colloidal amorphous titanium hydrox- 
ide, aging the colloidal titanium hydroxide at 70°C for 5 hours, and then drying it at 120°C. 

Then, the above acicular titanium oxide was introduced into water to prepare an aqueous suspension, and thereto was 
added an aqueous sodium hydroxide solution (200 g/l) to adjust the pH to 13.0. Thereafter, the suspension was heated 
to 90°C and stirred for 2 hours to carry out an alkali treatment, and then an aqueous hydrochloric acid solution (100 g/l) 
to was added to adjust the pH to 7.0, followed by filtration and washing until the specific electroconductivity of the filtrate 
reached 50 |xS/cm. Successively, the following acid treatment was carried out. 

The resulting filtration cake was again introduced into water to prepare an aqueous suspension, and thereto was added 
an aqueous hydrochloric acid solution (1 00 g/l) to adjust the pH to 1 .0. Thereafter, the suspension was heated to 90°C 
and stirred for 2 hours, followed by filtration and washing until the specific electroconductivity of the filtrate reached 50 
^5 ^S/cm. 

The components of the acicular titanium oxide treated as above were analyzed to find that the metallic elements having 
a valence of 4 or less were less than the limit of detection and (B) obtained by the formula (2) was 0. As other elements 
(excluding oxygen) than the metallic elements having a valence of 4 or less, phosphorus (pentavalent, nonmetal element) 
was contained in an amount of 0.1% by weight as P 2 O s , the Ti0 2 purity was 99.9% by weight, and the specific surface 
50 area of the acicular titanium oxide obtained by BET method was 1 1.5 m 2 /g. 

Comparative Example 1 

[0028] Sample E was obtained in the same manner as in Example 1 , except that a rutile type titanium dioxide powder 
55 for pigments which had an average particle diameter of 0.25 urn was used in place of the high quality rutile type titanium 
dioxide powder used in Example 1 . 

The titanium dioxide used contained aluminum (trivalent) in an amount of 0.034 and silicon (tetravalent) in an amount 
of 0.0027 in atomic ratio to Ti of titanium dioxide, and other metallic elements having a valence of 4 or less were not 
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detected, and (B) obtained by the formula (2) was 0.034. As other elements (excluding oxygen) than the metallic elements 
'having a valence of 4 or less, phosphorus (pentavalent, nonmetal element) was contained in an amount of 0.1% by 
weight as P 2 O s , the Ti0 2 purity was 97.6% by weight, and the specific surface area obtained by BET method was 12.4 
m 2 /g. 

The content of tin oxide contained in the Sample E was 0.040 g as Sn0 2 per 1 m 2 of the surface area of titanium dioxide, 
and the content of phosphorus with respect to tin oxide was a proportion of 0.1 7 in terms of the atomic ratio P/Sn. The 
atomic ratios of aluminum (trivalent) and silicon (tetravalent) contained in the Sample E to Sn were 0.12 and 0.0080, 
respectively, and other metallic elements having a valence of 4 or less were not detected, and (A) shown by the formula 
(1) was 0.12. 

Comparative Example 2 

[0029] Sample F was obtained in the same manner as in Example 1 , except that a rutile type titanium dioxide powder 
containing zinc oxide was used in place of the high quality rutile type titanium dioxide powder used in Example 1 . 
The titanium dioxide used was prepared by sulfate method. The titanium dioxide contained zinc (divalent) in an amount 
of 0.007, sodium (monovalent) in an amount of 0.003, aluminum (trivalent) in an amount of 0.003 and silicon (tetravalent) 
in an amount of 0.0027 in atomic ratio to Ti of titanium dioxide, other metallic elements having a valence of 4 or less 
were not detected, and (B) obtained by the formula (2) was 0.026. As other elements (excluding oxygen) than the metallic 
elements having a valence of 4 or less, phosphorus (pentavalent, nonmetal element) was contained in an amount of 
0.2% by weight as P 2 O s , and niobium (pentavalent) was contained in an amount of 0.2% by weight as Nb 2 O s , the Ti0 2 
purity was 98.4% by weight, and the specific surface area obtained by BET method was 6.7 m 2 /g. 
The content of tin oxide contained in the Sample F was 0.075 g as Sn0 2 per 1 m 2 of the surface area of titanium dioxide, 
and the content of phosphorus with respect to tin oxide was a proportion of 0.1 7 in terms of the atomic ratio P/Sn. The 
Sample F contained zinc (divalent) in an amount of 0.025, sodium (monovalent) in an amount of 0.016, aluminum 
(trivalent) in an amount of 0.01 and silicon (tetravalent) in an amount of 0.01 7 in atomic ratio to Sn of tin oxide, and other 
metallic elements having a valence of 4 or less were not detected, and (A) obtained by the formula (1) was 0.108. 

Test Example 1 

[0030] Powder resistance (n-cm) of the electroconductive powders obtained in the above Examples 1-4 and Com- 
parative Examples 1 and 2 was measured by the following method to obtain the results as shown in Table 1 . From the 
results, it can be seen that the Samples A-D of the examples of the present invention had satisfactory powder resistance 
value. 

(Evaluation of powder resistance) 

[0031] One gram of the sample powder was compacted under a pressure of 9.8 MPa using a columnar cylinder (18 
mm in inner diameter) to obtain a columnar powder compact. A DC resistance of the columnar powder compact was 
measured and a powder resistance was calculated by the following formula. 



Powder resistance (Q-cm) = measured value (Q) 
sectional area (cm 2 ) /thickness (cm) 



[Table 1] 



Sample 


Titanium dioxide 


Electroconductive powder 


(B) of formula 
(2) 


Ti0 2 purity 
(%) 


Sn0 2 
content* 1 
(g/m2) 


P/Sn atomic 
ratio 


(A) of formula 

d) 


Powder 
resistance 
(a-cm) 


Sample A 


0.000 


99.96 


0.076 


0.17 


0.000 


3.1X10 2 


Sample B 


0.005 


99.7 


0.074 


0.17 


0.019 


1.0X10 3 


Sample C 


0.015 


99.0 


0.070 


0.17 


0.057 


3.5X103 
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Table continued 



10 



Sample 


Titanium dioxide 


Electroconductive powder 


(B) of formula 
(2) 


Ti0 2 purity 
(%) 


Sn0 2 
content* 1 

(g/m 2 ) 


P/Sn atomic 
ratio 


(A) of formula 
0) 


Powder 
resistance 
(Qcm) 


Sample D 


0.000 


99.9 


0.077 


0.17 


0.000 


8.3x1 0 2 


Sample E 


0.034 


97.6 


0.040 


0.17 


0.120 


2. Ox 1 0 5 


Sample F 


0.026 


98.4 


0.075 


0.17 


0.108 


1.2X10 6 


*1 : Sn0 2 content (g) per 1 m 2 of the surface area of titanium dioxide. 



Test Example 2 

15 

[0032] 20 g of each of the electroconductive powders of Examples 1-4 and Comparative Example 2 was mixed with 
30.6 g of an acrylic resin (ACRYDIC A- 1 65-45, solid content = 45% by weight, manufactured by Dainippon Ink & Chemicals 
Inc.), 16.4 g of a toluene-butanol mixed solution (mixing weight ratio =1:1) and 50 g of glass beads, and the mixture 
was put in a paint shaker (#5110 manufactured by Red Devil Co.) and shaken for 20 minutes to prepare a mill base. 

20 Then, the above acrylic resin and toluene-butanol mixed solution were added to each mill base in such an amount as 
giving the pigment concentration as shown in Table 2, followed by mixing with stirring to prepare a paint. This paint was 
coated on an art paper so as to give a dry coat thickness of 22 ^m, and the coated paper was subjected to air-drying 
for 24 hours to produce a test paper. The surface resistivity of the resulting sheet was measured by TR-8601 (chamber: 
TR-42 manufactured by Advantest Co.) or R-506 (chamber: P-61 1 manufactured by Kawaguchi Electric Mfg. Co. Ltd.) 

25 to obtain the results as shown in Table 2. It can be seen from the results that Samples A-D of the examples of the present 
invention gave satisfactory surface resistivity. 
[0033] 



[Table 2] 



35 





Surface resistivity (QO) 


Pigment concentration 


30 wt% 


50 wt% 


60 wt% 


Example 1 


Sample A 


3.0X10 11 


1.2X10 9 


1.1X10 8 


Example 2 


Sample B 


3.2X10 12 


3.9X1 0 9 


1.2X10 9 


Example 3 


Sample C 


4.5X10 12 


1.2X10 10 


2.1X10 9 


Example 4 


Sample D 


4.8X10 7 


5.1 X10 7 


3.9X1 0 7 


Comparative Example 2 


Sample F 


9.0X10 12 


8.0X10 11 


8.0X10 11 



[0034] In order to know the influence of the content of tin oxide, Samples G, H and I were prepared in the same manner 
as in Example 1, except that the 50 wt% aqueous stannic chloride (SnCl 4 ) solution was used in an amount of 104 g, 
260 g and 346 g in place of 1 73 g. 

For adjusting the phosphorus content in these samples to 0.17 in atomic ratio P/Sn, the 85 wt% phosphoric acid (H 3 P0 4 ) 
used in Example 1 was used in an amount of 3.7 g, 9.2 g and 12.2 g in place of 6.1 g. 

The powder resistance of the resulting samples was measured in the same manner as in Test Example 1 to obtain the 
results as shown in Table 3. Furthermore, the surface resistivity of the samples was measured in the same manner as 
in Test Example 2 to obtain the results as shown in Table 4. It can be seen from these results that when the amount of 
tin oxide constituting the electroconductive layer is in the range of 0.03-0.3 g as Sn0 2 per 1 m 2 of the surface area of 
titanium dioxide, satisfactory powder resistivity and surface resistivity can be obtained. 
[0035] 



[Table 3] 





Sn0 2 content* 1 
(g/m 2 ) 


P/Sn atomic ratio 


Powder resistance (Q-cm) 


Sample G 


0.045 


0.17 


2.7x1 0 3 
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Table continued 





Sn0 2 content* 1 

(g/m 2 ) 


P/Sn atomic ratio 


Powder resistance (!'2-cm) 


Sample A 


0.076 


0.17 


3.1X10 2 


Sample H 


0.113 


0.17 


1.4X10 2 


Sample I 


0.152 


0.17 


1.2X10 2 


*1 : Sn0 2 content (g) per 1 m 2 of the surface area of titanium dioxide. 



[0036] 



[Table 4] 





Sn0 2 content' 1 
(g/m 2 ) 


Surface resistivity (Q/D) 


30 wt% 


50wt% 


60 wt% 


Sample G 


0.045 


1.9X10 12 


1:3X1 0 9 - 


■9.0 X10 8 


Sample A 


0.076 


3.0X10 11 


1.2X10 9 


1.1 X10 8 


*1 : SnQ 2 content (g) per 1 m 2 of the surface area of titanium dioxide. 



[0037] In order to know the influence of the content of phosphorus, Samples J and K were prepared in the same 
manner as in Example 1 , except that phosphoric acid was not added or the 85 wt% phosphoric acid (H 3 P0 4 ) was used 
in an amount of 1 0.2 g in place of 6.1 g. 

The powder resistance of the resulting samples was measured in the same manner as in Test Example 1 to obtain the 
results as shown in Table 5. It can be seen from these results that when the amount of phosphorus contained in the 
electroconductive layer with respect to tin oxide is 0.10-0.50 in atomic ratio P/Sn, satisfactory powder resistivity can be 
obtained. 
[0038] 



[Table 5] 





P/Sn atomic ratio 


Powder resistance (ft- cm) 


Sample J 


0.00 


8.2X1 0 6 


Sample A 


0.17 


3.1X10 2 


Sample K 


0.28 


1.1X10 3 



[0039] In order to know the influence of the firing temperature, Samples L, M, N, O, P, Q and R were prepared in the 
same manner as in Example 1, except that the firing at 850°C was not carried out and carried out at 600°C, 700°C, 
800°C, 900°C, 950°C and 1000°C in the air. 

The powder resistance of the resulting samples was measured in the same manner as in Test Example 1 to obtain the 
results as shown in Table 6. It can be seen from the results that the firing temperature is preferably about 750-925°C. 
[0040] 



[Table 6] 





Firing temperature (°C) 


Powder resistance (Q-cm) 


Sample L 


not firing 


3.5X10 4 


Sample M 


600 


2.2 X10 4 


Sample N 


700 


2.5 X10 4 


Sample O 


800 


8.4X1 0 2 


Sample A 


850 


3.1 X10 2 


Sample P 


900 


3.2 X10 3 
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Table continued 





Firing temperature (°C) 


Powder resistance (Jlcrn) 


Sample Q 


950 


1.4X10 6 


Sample R 


1000 


2.0X1 0 6 



[0041] In order to know the influence of pH when adding tin chloride and phosphoric acid, Sample S was prepared in 
the same manner as in Example 1 , except that an aqueous sodium hydroxide solution and a mixed solution comprising 
w stannic chloride (SnCI 4 ), 85 wt% phosphoric acid (H 3 P0 4 ) and 12N-hydrochloric acid solution were added in parallel to 
the aqueous suspension of high quality rutile type titanium dioxide over a period of 60 minutes with maintaining the pH 
of the suspension at 9-10, and then the final pH of the suspension was adjusted to 2. 

The specific surface area of the Sample S was 17.3 m 2 /g and the specific surface area of the electroconductive layer 
was 49.5 m 2 /g, and thus it is seen that the electroconductive layer formed in the Sample S was more continuous than 
15 that in the Sample A in Example 1 . Furthermore, a continuous electroconductive layer could also be recognized from a 
transmission type electron microscope photograph. 

The content of tin oxide contained in the Sample S was 0.075 g as Sn0 2 per 1 m 2 of the surface area of titanium dioxide, 
and the content of phosphorus with respect to tin oxide was a proportion of 0.1 7 in terms of the atomic ratio P/Sn, the 
metallic elements having a valence of 4 or less were less than the limit of detection, and (A) shown by the formula (1 ) was 0. 
20 The powder resistance of the resulting sample was measured in the same manner as in Test Example 1 to obtain the 
results as shown in Table 7. It can be seen from the results that regarding pH when adding tin chloride and phosphoric 
acid, not only the acidic region of about 2-6, but also the alkaline region of about 8-12 are preferred. 
[0042] 

25 [Table 7] 





pH at the time of addition 


Powder resistance (Q cm) 


Sample A 


2-3 


3.1X10 2 


Sample S 


9-10 


2.7X10 2 



[0043] In order to know the influences of oxygen concentration and cooling method in firing, a sample (Sample T) was 
prepared by firing in the air the coated titanium dioxide powder before firing and rapidly cooling the fired product (the 
fired product was immediately taken out and left to stand at room temperature) or by firing the powder in the air and 
slowly cooling the fired product (cooling to 300°C over a period of 2 hours) in Example 1 . Furthermore, Samples U and 
V were prepared by firing in the air the coated titanium dioxide powder before firing in the atmosphere having an oxygen 
concentration of 7-8 vol% (air diluted with nitrogen gas) or 0 vol% (nitrogen gas) at 850°C for 1 hour and thereafter 
cooling the fired product by the above-mentioned rapid cooling method or slow cooling method in Example 1. 
The powder resistance of the resulting samples was measured in the same manner as in Test Example 1 to obtain the 
results as shown in Table 8. It can be seen from the results that when the titanium dioxide powder is fired in an atmosphere 
of low oxygen concentration or an inert gas atmosphere and cooled as it is, the electroconductivity obtained is stable 
and not greatly different depending on rapid cooling method or slow cooling method, and the influence of cooling method 
is small, and on the other hand, when the powder is fired in the air and thereafter cooled as it is, the rapid cooling method 
is preferred. 
[0044] 



[Table 8] 





Oxygen concentration in firing 
(vol %) 


Powder resistance in rapid 
cooling method (O-cm) 


Powder resistance in slow 
cooling method (fi-cm) 


Sample T 


20 


1.3X10 2 


2.0X10 4 


Sample U 


7-8 


1.3X10 2 


8.4X1 0 2 


Sample V 


0 


7.8X10 1 


5.4X10 1 



55 

Industrial Applicability 

[0045] The present invention provides titanium dioxide which contains substantially no antimony having a problem of 
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toxicity and has an electroconductive layer of tin oxide doped with phosphorus having satisfactory electroconductivity. 



Claims 

1 . An electroconductive powder having an electroconductive layer containing tin oxide and phosphorus, but containing 
substantially no antimony on the surface of titanium dioxide, and the content of a metallic element having a valence 
of 4 or less which is contained as an impurity in the electroconductive powder is 0.1 or less as (A) obtained by the 
following formula (1): 



Formula (1); (A) = (Mi) * (4-m) + (M 2 ) * (4-- 
n 2 ) + (M 3 ) * (4-n 3 ) + (M<) x (4-n«) + ... + (M x ) x (4-n x ) 

(in the above formula, M v M 2 , M 3 , M 4 , .... M x represent an atomic ratio of each metallic element having a valence 
of 4 or less to Sn of the tin oxide in the electroconductive powder, n v n 2 , n 3 , n 4 , n x represent a valence number 
of each metalfic element having the atomic ratio of Mj, M 2 , M 3 , M 4> .... M x> X in M x and n x represents the number 
of the metallic element contained in the electroconductive powder and can have a natural number of 1 or more. 

2. An electroconductive powder according to claim 1 , wherein the amount of the tin oxide forming the electroconductive 
layer is in the range of 0.015-0.3 g as Sn0 2 per 1 m 2 of the surface area of titanium dioxide. 

3. An electroconductive powder according to claim 1 , wherein the amount of the phosphorus contained in the electro- 
conductive layer with respect to tin oxide is a proportion of 0.1 0-0.50 in terms of the atomic ratio P/Sn. 

4. An electroconductive powder according to claim 1 , wherein the content of the metallic element having a valence of 
4orless which is contained in titanium dioxide as an impurity is 0.02 or less as (B) obtained by thefollowingformula (2): 

Formula (2): (B) = ( M ' i ) 
(4-n' 2 ) + (M' 3 ) x (4-n' 3 ) + (M' 4 ) * 
(4-n' v) 

(in the above formula, M\ , M 2 , M 3> M' 4> ... , M' Y represent an atomic ratio of each metallic element having a valence 
of 4 or less, the atomic ratio being to Ti of titanium dioxide, n' l3 n' 2 , n 3 , n' 4 , .... n' Y represent a valence number of 
each metallic element having the atomic ratio of M' 1t M' 2 , M' 3> M' 4 , M' Y , Y in M' Y and n' Y represents the number 
of the metallic element contained in the titanium dioxide and can have a natural number of 1 or more. 

5. A method for producing an electroconductive powder which comprises adding an aqueous acidic solution in which 
a tin compound and a phosphorus compound are dissolved and an aqueous alkaline solution to an aqueous sus- 
pension of titanium dioxide in which the content of a metallic element having a valence of 4 or less contained in the 
titanium dioxide as an impurity is 0.02 or less as (B) obtained by the above formula (2) with maintaining pH of the 
aqueous suspension in the range of 2-6 or 8-12, then fractionating the resulting product, and firing the product at a 
temperature of 600-925°C to form an electroconductive layer containing tin oxide and phosphorus on the surface 
of the titanium dioxide. 



* (4-n'i) + (M r 2 ) x 
(4-n' 4 ) + ... + (M' y ) x 
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